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ONE STEP DEVICE AND PROCESS FOR CONCENTRATION 
AND PURIFICATION OF BIOLOGICAL MOLECULES 

Field of Invention 

S The present invention relates to devices and methods for concentrating and 

purifying biological molecules. 

Background of Invention 
There are many devices used in purification of molecules where an adsorptive 
media is packed into the bottom of a S3a'inge-like object, or in the wells of a multiwell 

1 0 plate. Typically, the target solute is eluted in a buffer that is unfavorable to further 
analysis, and the solute must be further processed to remove or exchange the eluting 
buffer with another buffer favorable for further analysis or other use. 

An example of such is an elution from an ion exchange column, wherein the 
solute of interest is eluted from the column in a high salt buffer. However, many 

1 5 subsequent analyses of the solute of interest, including, e.g., electrophoresis or enzymatic 
digests of plasmid DNA, cannot be performed satisfactorily in this high salt environment. 
Thus, at present, such a sample is often desalted with dialysis or with a separate gel 
permeation or size exclusion chromatography ("SEC") device, or for plasmid purification, 
the DNA is precipitated from the salt solution with a variety of precipitants, including 

20 ethanol, isopropanol, PEG4000, and the like. {See, e.g., U.S. Patent No. 5,057,426 to 
Henco et al) 

In addition, prior to the present invention, adsorptive chromatography devices 
which used multiwell plates required a two step/two plate method in order to achieve 
purification, by e.g., ion exchange, and subsequent separation of the desired product from 
25 the high salt content of the elution buffer. This required using two separate 

chromatography steps and two multiwell plates, thereby undesirably increasing both the 
time and cost of such purification methods. 

Summary of Invention 
The device and methods of the present invention overcome the disadvantages of 
30 previous means of purifying biological molecules by combining the adsorptive 

chromatography step with the SEC step (e.g., desalting), thereby allowing the desired 
product or biological molecules of interest to be eluted in a buffer that facilitates further 
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processing, such as gene transfection or analysis by electrophoresis, using a single 
chromatography process and a single plate. 

In one aspect the present invention relates to a device for purifying or separating 
a desired product or biological molecule of interest which comprises a housing having an 
5 outlet disposed at a bottom end, wherein a porous material is disposed over the outlet, a 
size exclusion media portion comprising a volume of a size exclusion media packed in the 
housing on top of said porous material, and an adsorptive media portion comprising a 
volume of adsorptive media packed in the housing on top of said size exclusion media 
portion. In a preferred embodiment, the housing is a well of a multiwell plate. 
1 0 In another embodiment, the device further comprises a removable porous 

material, such as a porous frit or membrane, disposed on top of the adsorptive media 
portion of the device. 

Another aspect of the present invention relates to methods for separating or 
purifying a desired product or biological molecules of interest from a sample or mixture 
1 5 which comprises preequilibrating a device of the present invention with a buffer solution, 
loading the resulting preequilibrated device with a sample or mixture which comprises the 
desired product or biological molecules of interest and undesired impurities, then washing 
the loaded device with a buffer (1), and thereafter charging the device with a preferred 
buffer (2) which saturates the size exclusion media in the device of the present invention, 
20 eluting the biological molecules of interest by loading the device with a volume an elution 
buffer (3) and collecting the biological molecules of interest in the preferred buffer (2). 

In a preferred embodiment, the volume of elution buffer (3) present is about 5 % 
to about 50% of the volume of size exclusion media packed into the device of the present 
invention. 

25 In another embodiment, preferred buffer (2) is present in a volume which 

comprises the total volume of adsorptive media and size exclusion media packed in the 
device of the present invention, and optionally, an additional volume which is in the range 
of about 1 % to about 600 % of the total volume of adsorptive media and size exclusion 
media packed into the device. In a preferred embodiment, the additional volume of 

30 preferred buffer (2) is about 5 % to about 400 %, and more preferably, about 1 0 % to 

about 60 % of the total volume of adsorptive media and size exclusion media packed into 
the device of the present invention. 
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A further aspect the present invention relates to a device for purifying a desired 
product or biological molecules of interest which comprises a housing having an outlet 
disposed at a bottom end» wherein a porous material is disposed over the outlet, a size 
exclusion media portion comprising a volume of a size exclusion media packed in the 
S housing on top of said porous material, and a surfactant portion comprising a surfactant 
layer disposed on top of said size exclusion media portion. 

Brief Description of the Drawing s 
Figure 1 depicts a side view of a device according to the present invention 
wherein a housing (1 1) having an opening (16) in the bottom of the housing and a porous 
10 material (12) disposed over the opening, is loaded with adsorptive media (13), which is 
loaded on top of an SEC media (14), leaving a reservoir (15) above the adsorptive media 
(13). 

Figure 2 depicts a side view of another device according to the present invention 
wherein a housing (11) having an opening (16) in the bottom of the housing and a porous 
15 material (12) disposed over the opening, is loaded with a thin layer of a surfactant (17) 
which is loaded on top of an SEC media (14), leaving a reservoir (15) above the 
surfactant (17). 

Detailed Description of the Invention 
The present invention relates to a device for separation or purification of a solute 
20 of interest using a device wherein a volume of adsorptive media is loaded on top of a 

volume of SEC media. The solute of interest is adsorbed onto the adsorptive media, but 
is excluded from the SEC media upon elution. 

In the present specification, the terms "size exclusion chromatography media", 
"SEC media", and "size exclusion media" will be used interchangeably to refer to the size 
25 exclusion chromatography media used in the present invention. 

According to the present invention, in order to purify or separate biological 
molecules, the SEC step is combined with the adsorptive step in a single device, as shown 
in Figure 1 . The device of the present invention is particularly useful for purifying or 
separating products that are much larger than the undesired molecules contained in the 
30 elution buffer, such that, on a relative basis, the desired product is excluded from the SEC 
media, while the undesired molecules in the buffer enter the SEC media. 

The present invention allows the desired product to be eluted in any buffer of 
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choice in a single or "one step" process in a small laboratory device or high speed device. 
The buffer of choice can be any relatively small molecular weight compound compared 
with the molecular weight of the desired product. Examples of such buffers include low 
molecular weight TRANSFECTAM^m^ Iov^ molecular weight polyethyleneimine ("PEI"), 
5 and Tris HCl of any salt concentration or desired pH. 

Using the device of the present invention, the desired product or solute of interest 
is adsorbed onto the adsorptive media. It is then washed with a buffer (I) in order to 
remove loosely bound solutes. Then, the device is loaded with a preferred buffer (2) to 
charge the SEC media portion of the device with the preferred buffer (2). 

10 An elution buffer (3) is then passed through the device or column, which causes 

the desired product to desorb from the adsorptive media. The solute then passes into the 
SEC media section of the device, and a typical size exclusion (e.g., desalting) operation 
occurs. The desired product or solute of interest is excluded from the interior part of the 
SEC media. Thus, the desired product or solute of interest travels faster in the SEC media 

1 5 portion of the device than does the elution buffer (3). The desired product or solute of 
interest therefore overtakes the preferred buffer (2) and exits the device in this preferred 
buffer (2). The volume of the elution buffer (3) is carefully controlled so that it remains 
in the device, and does not exit with the desired product and the preferred buffer (2). 
The geometry of the device of the present invention, and the reservoir for the 

20 buffers can be varied for convenience. 

Adsorptive chromatography media for use in the device of the present invention 
include, but are not limited to, media such as reversed phase media, ion exchange media, 
normal phase media, hydroxyapitite media, metal chelating media, affinity media, and 
any other media which binds molecules in one buffer, and releases molecules in a 

25 different buffer. For example, adsorptive chromatography media may be selected from 
the group consisting of PLASMIDEXtm 20^ (commercially available from BioSepra, 
Inc., Marlborough, MA USA), ), Q FAST FLOW (commercially available from 
Pharmacia Biotech, Uppsala Sweden), QI AGEN PLASMID MEDIA (commercially 
available from Qiagen Inc., Chatsworth, CA USA). 

30 The amount of adsorptive media present in the device of the present invention can 

vary depending on the adsorptive media used and the size of the device housing. In 
general, the packed volume of media used as the adsorptive media portion of the device 
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of the present invention is about 1 0 /xl to about 2000 /zl. Preferably, the packed volume 
of the adsorptive media portion is about 10 ^fl to about 50 a^I, and more preferably about 
15 Ail to about 25 /zl. 

Media useful as size exclusion or SEC media in the device of the present 
5 invention should allow the impurities in a sample to penetrate the SEC media to a greater 
extent than the desired product or solute of interest in the sample. In addition, the SEC 
media should be rigid enough to allow a useful pressure drop in order to force flow 
through the media. For example, SEC media for use in the present invention include, but 
are not limited to, ACA media, such as ACA 34, ACA 44, ACA 54, and ACA 200 

10 (commercially available from BioSepra, Inc., Marlborough, MA USA), GF05 and 
GF2000 (commercially available from BioSepra, Inc., Marlborough, MA USA), 
Sephacryl media, such as S400, S500, and S-1000 (commercially available from 
Pharmacia Biotech, Uppsala, Sweden), Superdex media, such as Superdex 75 and 
Superdex 200 (commercially available from Pharmacia Biotech, Uppsala, Sweden), and 

1 5 the like. In one embodiment, the size exclusion media is a SEC desalting media. 

The present invention can further be used to remove any lower molecular weight 
compounds, including but not limited to, proteins, enzymes, endotoxins, and RNA, from a 
sample, such as a plasmid-containing sample, by selection of an appropriate SEC media. 
The characteristics of various SEC media which may be used in the present invention are 

20 known in the art, and thus selection of an appropriate SEC media for purification of a 
particular sample will be readily apparent to the skilled artisan. 

The amount of SEC media present in the device of the present invention can vary 
depending on the SEC media used and the size of the device housing. In general, the 
packed volume of media used in the size exclusion media portion of the device of the 

25 present invention is about 30 to about 6000 /zl. Preferably, the packed volume of size 
exclusion media is about 40 fx\ to about 300 /zl, and more preferably about 45 /zl to about 
100/zl. 

In general, when used in the methods for separating or purifying a desired product 
or solute of interest according to the present invention, the packed volume of the SEC 
30 media should be between about 2 times to about 10 times the volume of the elution buffer 
(3). 

In other embodiments, the SEC media portion of the device of the present 

5 
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invention can be changed to various other media having different adsorptive 
characteristics from the main adsorptive media» including but not limited to, hydrophobic 
interaction media which may selectively retain (or repel) the desired product, but repel (or 
retain) the buffer. An example of hydrophobic interaction media is media which will 
5 bind proteins at high salt concentrations, but elute proteins at low salt concentrations, thus 
effecting a one step separation of the desired product from other solutes in the first 
adsorptive media portion of the device, and then the desired product from the undesired 
elution buffer (salt) in the hydrophobic interaction media portion of the device. 

Housings for use in the present invention can be readily determined by the skilled 
10 artisan. Such housings may include, but are not limited to, syringe-like devices, tubes, ) 
and wells of a multiwell plate, including, but not limited to 4-well, 16-well, 96-well, and 
364-wen multiwell plates. A porous material, such as a porous frit or membrane, is 
placed in the bottom of the housing prior to loading tiie various media in order to prevent 
the media from seeping out of the bottom hole of the housing during loading. Porous 
1 5 materials, including but not limited to porous frits or membranes, which may be used in 
the device of the present invention are well known in the art. Examples of porous frits 
include, but are not limited to, polypropylene frits having pore sizes ranging from about 
0.45 fim to about 50 ^^m, and preferably from about 1 /jm to about 20 /^m (such frits are 
commercially available from Porex Technologies, Fairbum, GA USA). 
20 In one embodiment of the device of the present invention, the device may further 

include a removable porous material, such as a porous frit or membrane, disposed on top 
of the adsorptive media portion of the device. This removable porous material may be 
left in place or removed when using the device to perform purification or separation 
operations, and preferably, the removable porous material is removed prior to use. 
25 The present invention also relates to a method for purifying a desired product or 

biological molecule of interest using the device of the present invention. Essentially, the 
device of the present invention is preequilibrated with a buffer solution, then the resulting 
preequilibrated device is loaded with a sample or mixture comprising the desired product 
and undesired impurities. Thereafter, the loaded device is washed with a buffer (1), 
30 wherein said buffer (1) removes loosely bound impurities from the device while leaving 
the desired product in the device. The device is then washed with a preferred buffer (2), 
wherein preferred buffer (2) flows through an adsorptive media portion of the device into 
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a size exclusion media portion of the device, and the volume of preferred buffer (2) is 
sufficient to saturate the size exclusion media with the preferred buffer (2). The desired 
product is then eluted using a predetermined volume of an elution buffer (3), wherein the 
volume of elution buffer (3) is controlled to avoid elution with the desired product and 
5 preferred buffer (2). 

The present invention provides the advantage of a combined or "one step" 
adsorptive and size exclusion (e.g., desalting) process, for delivering a desired solute of a 
relatively high molecular weight in a buffer of relatively low molecular weight which 
does not interfere with subsequent use of the desired solute, while removing the desired 
' 10 solute from the elution buffer. Thus, the device and methods of the present invention 

minimize the number of steps and amount of equipment required, and saves the user time 
and money. 

Preequilibration buffers for use in the present invention may include, but are not 
limited to, 50 mM Tris pH 8, 0 to 2M NaCl or 50 mM MOPS 0-2 M NaCl, or other 
15 buffer/salt combinations. In general, the pH of the preequilibration buffer will be in the 

range of about pH 1 to about pH 12. A preferred preequilibration buffer is 500 mM NaCl, 
50 mM Tris pH 8. 

Buffers for use as buffer (1), or the wash buffer according to method of the 
present invention generally are selected from salt buffers, wherein the choice of salt is 
20 dictated by what salt could elute the impurities but not the desired product, e.g., plasmids, 
in a particular sample. Examples of buffers suitable for use as buffer (1) include, but are 

) 

not limited to, 500 mM to 2 M NaCl in a buffer such as Tris pH 8, Tris pH 7, MOPS, or 
other suitable buffers. 

Buffers for use as the preferred buffer (2) according to the methods of the present 

25 invention are selected from buffers or buffer combinations which are compatible with 

further processing of the desired product, such as a plasmid. Examples of buffers suitable 
for use as preferred buffer (2) include, but are not limited to, water, 50 mM Tris, 50 mM 
Tris and 5 mM EDTA, TRANSFECTUM™ , SUPERFECTUM™, LIPOFECTUM™, 
enzymatic digest solutions containing enzymes or endonucleases, such as Hind III, EcoRI 

30 or other enzjmies useful for sequencing of DNA, and the like, and combinations thereof. 

The volume of preferred buffer (2) used in the methods of the present invention 
should be sufficient to saturate the SEC media portion of the device. In general, the 



XX;iD: <WO 99001 eSAI I > 



wo 99/00168 




CT/US98/13163 



volume of preferred buffer (2) used will be roughly equal to the packed volume of the 
adsorptive media in the device plus the packed volume of the SEC media in the device, 
and may optionally include an additional volume for robustness, which additional volume 
is in the range of about 1 % to about 600 % of the total packed volume of the media 
5 loaded into the device, and preferably about 5 % to about 400 %, and more preferably, 
about 1 0 % to about 60 % of the total packed volume of media loaded into the device 

Buffers for use as elution buffer (3), or the elution buffer, according to methods 
of the present invention include high salt buffers, such as NaCI, KCI, MgCl^, or CaClj 
buffered with buffers known to those skilled in the art, such as Tris buffer, MOPS buffer, 
1 0 Acetate buffer, phosphate buffer, and the like. 

The volume of the elution buffer (3) should be carefully controlled such that the 
elution buffer does not leave the device, or that the elution buffer leaves the device at a 
specific and predictable volume, so that the elution buffer does not mix with the desired 
product which is in preferred buffer (2). In general, the volume of elution buffer (3) used 
15 in the method of the present invention will be in the range of about 5 % to about 50 % of 
the packed volume of the SEC media. 

When using the methods of the present invention to purify a desired product or 
solute of interest, it is preferable that the buffers used for both preferred buffer (2) and 
elution buffer (3) do not have a molecular weight on the same order as the molecular 
20 weight of the desired product or solute of interest. 

Various types of samples may be purified using the present invention, including, 
but not limited to, a crude plasmid solution, such as that obtained from potassium acetate 
precipitation according to known methods (see, e.g.. Molecular Clonings Sambrook, 
Fritsch, Maniatas, Cold Spring Harbor, Plainview, NY (1989)), and plasmid or genomic 
25 DNA prepared using a variety of other methods well known in the art. In one 

embodiment, the sample containing the desired product is a clear E, coli cell lysate which 
is precipitated with potassium acetate, such as 1.32 M potassium acetate at pH 4.8. 

In general, the desired product or solute of interest to be purified from a sample 
according to the present invention should be sufficiently larger than the undesirable 
30 molecules and impurities contained in the sample, such that on a relative basis, during the 
elution step of the present invention, the desired product or solute of interest would be 
excluded from the SEC media while the undesirable molecules and impurities would 
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enter the SEC media. In this manner, any smaller molecular weight molecules, such as 
RNA, endotoxins, proteins, e/c, can be separated from larger molecular weight 
molecules, such as plasmid DNA and genomic DNA, by using an appropriately sized SEC 
media, wherein said SEC media is sized with respect to the exclusion limit of the SEC 
S media. 

Note that while endotoxins are smaller molecular weight molecules than plasmids 
and other large nucleic acids, it is known that endotoxins can typically be found in 
micelles, which have a very large effective size, and do not enter the pores of most SEC 
media. Also, endotoxin micelles often coelute from ion exchangers with plasmids and 

10 other large nucleic acids. These endotoxins are not, however, desirable in plasmid 

preparations. Thus, it is desirable to separate endotoxins from the desired plasmid or 
other larger molecular weight products. 

Accordingly, surfactants may be used to break up endotoxin micelles, thereby 
making the endotoxins small enough to enter the pores of a SEC media and be retained by 

IS the media relative to the desired product, such as plasmids or larger molecular weight 
molecules. Thus, the elution buffer (3) for removing the desired product from, for 
instance, the adsorptive media may comprise a high salt buffer in order to elute the 
desired product and an amount of a surfactant such that endotoxin micelles are broken up. 
The elution buffer (3) then pushes both the desired product and endotoxins into the SEC 

20 media portion of the device, where the endotoxins are retained by the SEC media, and the 
desired product goes through the interstices of the SEC media and elutes in preferred 
buffer (2). Surfactants, e.g., such as 1% to 1 0% Triton XI 00 or XI 14, or sodium dodecyl 
sulfate (^"SDS"), are small molecular weight solutes, and are retained by the SEC media. 
Hence, the SEC media retains the salt, surfactant, endotoxins, and other small molecule 

25 impurities, including RNA and proteins, while the desired product is eluted in preferred 
buffer (2), 

Accordingly, in another embodiment of the present invention, elution buffer (3) 
comprises a salt buffer to desorb the desired product, such as plasmids or other large 
molecular weight molecules, from the adsorptive media portion of the device of the 
30 present invention and a surfactant to break up endotoxin micelles. Surfactants for use in 
elution buffer (3) include, but are not limited to, Triton XI 00, Triton XI 14, SDS, Brij, 
and other similar surfactants. 
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In another embodiment, the present invention relates to a device for purifying a 
desired product or solute of interest, such as plasmid DNA or genomic DNA, which 
comprises a housing having a porous material, such as a porous frit or membrane, on the 
bottom thereof, loaded with a thin layer of surfactant which is loaded on top of a SEC 
5 media, as shown in Figure 2. This device may be used to separate a desired product, such 
as a plasmid or other large molecular weight molecule, by precharging the SEC media 
with preferred buffer (2), loading the device with a sample or mixture containing the 
desired product and undesired impurities, and eluting the desired product using any 
appropriate buffer. According to this method, the surfactant layer of the device contacts 

1 0 the sample comprising the desired product and impurities, such as endotoxins, upon their 
delivery to the device, and any endotoxin micelles present in the sample disintegrate. 
Subsequently, the disintegrated endotoxin micelles enter the pores of the SEC media, 
while the desired product passes through the surfactant and elutes through void volume of 
the SEC media in preferred buffer (2) which is precharged in the SEC media. 

1 5 The invention is further defined by reference to the following examples that 

describe in detail preparation of a one step device for purifying a desired product or 
biological molecule of interest, and methods of using the same according to the present 
invention. It will be apparent to those skilled in the art that many modifications, both to 
materials and methods, may be practiced without departing from the purpose and scope of 

20 this invention. The following examples are illustrative only and should in no way limit 
the scope of the present invention. 



10 
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EXAMPLE 1 

Clear lysate samples were prepared in the following manner for use the examples 
herein. E. coli DH5a containing the plasmid pSV- pGAL was inoculated into each of 
several flasks containing 120 ml of LB/Amp p-galactose media, and grown overnight at 
37 **C. The cultures were then harvested by centrifuging in a Beckman G6 centrifuge for 
15 minutes at about 3000 rpm. 

The resulting pellets were then each resuspended in 5 ml of resuspension media 
(Promega, Madison, WI USA), and RNAase (Qiagen Inc., Chatsworth, CA USA) was 
added to a concentration of 100 /2g/ml. 5 ml of lysis buffer (Promega, Madison, WI 
USA) was then added, the samples were inverted, and allowed to sit for S minutes at 
room temperature. 

Thereafter, 5 ml of neutralization buffer (Promega, Madison, WI USA) was 
added to each sample, the samples mixed and inverted, and spun in a Sorval, SS 34 rotor 
for 30minutes at about 12,000 rpm. 

The resulting supematants were then collected in 3 ml aliquots, and frozen for 
later use. 

Prior to using the lysate samples in the subsequent examples, the frozen lysate 
samples were thawed, and precleared by spinning for about 8 minutes at 4°C, and then 
the cleared lysates were transferred to new tubes. 

EXAMPLE 2 

In 3 mm diameter tubes having frits fitted into the bottom, the following media 
were loaded: 

Table 1 





Desalting Media 


Adsorption Media 


Tube 1 


1 50 fj\ of 50 % ACA 44 slurry 


50 IJL\ of 40% PLASMIDEX™ 20^ slurry 


Tube 2 




50/zlof40%PLASMIDEXTM20A« slurry 


Tubes 




37.5 fj\ of 40% PLASMIDEX™ 20m slurry 


Tube 4 




37.5 Ml of 40% PLASMIDEX™ 20m slurry 



Tube 1 was first packed with 150 m1 of a 50% ACA 44 slurry (commercially 
available from BioSepra, Inc., Marlborough, MA USA), and vacuumed from the bottom 
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of the tube to remove excess fluid from the top of the bed. Tube 1 was then packed with 
50 /zl of a 40 % PLASMIDEX™ 20/^ slurry (a 20 fim quaternary amine anion exchange 
media commercially available from BioSepra, Inc., Marlborough, MA USA), and 
vacuumed again from the bottom to remove excess interstitial fluid. Similarly, Tube 2 
5 was packed with 50 /ul of 40% PLASMIDEX™ 20jj. slurry, and Tubes 3 and 4 were each 
packed with 37.5 ^1 of 40% PLASMIDEX™ 20^ slurry. 

Each of Tubes 1 through 4 were then preequilibrated with 400 of 0.5 M NaCl, 
50 mM Tris pH 7.0. 

600 ^1 of a sample from Example 1 , which comprise a clear lysate from a culture 

10 of £. coli DH5a containing pSV- PGAL (the desired plasmid product) and undesirable 

contaminants, was then added to each of Tubes 1, 2, 3 and 4. The flow through from each 

tube was collected, and designated as samples If, 2f, 3f, and 4f, respectively. 

Each tube was then washed with 400 /zl of 0.5 M NaCl, 50 mM Tris pH 7.0. The 

wash from Tubes 1, 2, 3, and 4 were collected and labeled as samples Iw, 2w, 3w, and 

15 4w, respectively. In addition. Tube 1 was loaded with 400 ^\ of distilled water (as 

preferred buffer (2)). 

Each tube was then eluted twice with 25 /xl of the following elution buffers: 

Tubes 1 and 2 2 M NaCI, 50 mM Tris pH 8.5; 

Tube 3 2 M CaCl2, 50 mM Tris pH 8.5; and 

20 Tube 4 2 M NaCl, 50 mM Tris pH 8.5. 

Flow through was collected after each elution step, and the samples for Tubes 1, 2, 3, and 
4 from the first elution step were designated Icj, 2e|, 3e,., and 4e„ respectively, and the 
samples from the second elution step were designated Icj, 2e2, 3e2, and 4e2, respectively. 
Except for elution samples Icj and le2 collected from Tube 1, in order to aid in 

25 precipitation, to each of the elution samples the following were added: 12.5 of 2M 

NaCl, 165 fxl of TE Buffer, and 140 ^\ isopropanol. 420 jjcl of isopropanol were added to 
each of the flow through samples If, 2f, 3f, and 4f, and 280 fA of isopropanol were added 
to each of the wash samples Iw, 2w, 3w, and 4w. These samples were then vortexed and 
allowed to sit on ice for 60 minutes. 

30 The samples were then centrifuged in a Beckman G6 centrifuge for 20 minutes, 

and the supernatant decanted. Each tube was then washed with 500 /zl of 70% ethanol at 
- 20°C, centrifuged for 6 minutes, and the supernatant decanted. The tubes were then 
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allowed to air dry for 30 minutes, and were resuspended in 30 fz\ of TE Buffer. 

5 fA of each sample, including samples 1 e, and were then loaded onto a 1 % 
agarose gel run at 100 V for 60 minutes. More specifically, lanes 1 through 4 were 
loaded with 5 /zl of samples If, Iw, le,, and lej, respectively; lanes 5 through 8 were 
5 loaded wit 5 //I of samples 2f, 2w, 2ei, and 2&2, respectively; lanes 9 through 12 were 
loaded with 5 /^l of samples 3f, 3w, 3ei, and Scj, respectively; and lanes 13 through 16 
were loaded with 5 /^l of samples 4f, 4w, 4e„ and 4e2, respectively. 

In addition, a 1/50 dilution of each elution sample and a 1/25 dilution of each 
flow through and wash sample were placed in quartz cuvettes, and the optical density 
1 0 ("OD") of each sample was measured using a UV spectrometer at 260 nm and 280 nm. 
The results from the UV spectroscopy are set forth in Table 2. 



Sample 


Sample 
Volume 


260 nm 


280 nm 


ratio 
260:280 


mg/ml 


Yield ( g) 


If 


30jul 


0.006 


0.005 


1.2 


0.008 


0.2 Mg 


Iw 


30 Ml 


0.005 


0.004 


1.2 


0.006 


0.2 Mg 


le, 


25 Ml 


0.402 


0.202 


1.99 


1.005 


25.1 Mg 


le^ 


25 Ml 


0.085 


0.044 


1.93 


0.213 


5.3 Mg 


2f 


30 Ml 


0.006 


0.004 


1.2 


0.008 


0.2 Mg 


2w 


30 mI 


0.004 


0.003 


1.3 


0.005 


0.2 Mg 


2e, 


30 Ml 


0.411 


0.216 


1.9 


1.028 


30.9 Mg 


2e, 


30 Ml 


0.014 


0.008 


1.75 


0.035 


1.1 A^g 


3f 


30 Ml 


0.010 


0.006 


1.67 


0.013 


0.4 Mg 


3w 


30 Ml 


0.005 


0.004 


1.3 


0.006 


0.2 Mg 


3e, 


30 Ml 


0.365 


0.187 


1.95 


0.913 


27.4 Mg 


3e, 


30 Ml 


0.049 


0.026 


1.88 


0.123 


3.7 Mg 


4f 


30 Ml 


0.043 


0.025 


1.72 


0.054 


1.6 Mg 


4w 


30 Ml 


0.005 


0.004 


1.3 


0.006 


0.2 Mg 


4e, 


30 Ml 


0.228 


0.118 


1.93 


0.570 


17.1 Mg ** 


4e, 


30 Ml 


0.012 


0.008 


1.5 


0.030 


0.9 Mg 


* - The mass indicated is for the original sample based on the elution volume and the 
A260 reading, which reads 1 AU for 50 g/ml. 

** - The yield of de, is underrepresented, due to less RNA contaminants in the preparation 
as indicated in the gel. 
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The results set forth in Table 2 above, those obtained with the agarose gel run, 
indicate that excellent recovery was obtained using Tube 1 containing the ACA 44 media, 
and the gel electrophoresis results indicate that the ACA 44 media in Tube 1 properly 
desalted the desired plasm id product. 
5 EXAMPLES 

Each of two wells of a 96-well filter plate (Polyfiltronics, Rockland, MA USA), 
were loaded with 150 fj,\ of 40% PLASMIDEX™ 20/x slurry, and designated Wells 1 and 
2. A third well of the 96-well filter plate was loaded with 500 fj,\ of 50 % ACA 34 slurry, 
and designated Well 3. The plate was then spun for 1 minute using a Beckman G6 
1 0 centrifuge at 2000 rpm (360g) to remove excess fluid. Thereafter, in Well 3, 1 50 /zl of ' 
40% PLASMIDEX™ 20^^ slurry was added on top of the ACA 34, and the plate was spun 
again for 1 minute. 

Each of Wells 1 to 3 were then preequilibrated with 600 plI of 0.5 M NaCl, 50 
mM Tris pH 7.0. Thereafter, 600 fA of a sample from Example 1, which comprise a clear 

1 5 lysate from a culture ofE. coli DH5a containing pSV- PCAL (the desired plasmid 

product) and undesirable contaminants, was added to each of Wells 1, 2, and 3. The plate 
was then spun for 5 minutes in the centrifuge. The flow through from each well was 
collected, and designated as samples If, 2f, and 3f, respectively. 

Each well was then washed with 600 ^\ of 0.5 M NaCl, 50 mM Tris pH 7.0, and 

20 the plate was then spun for 3 minutes in the centrifuge. The wash from Wells 1, 2, and 3 
were collected and labeled as samples Iw, 2w, and 3w, respectively. Thereafter, Well 3 
was loaded with 600 /zl distilled water (as preferred buffer (2)). 

Each well was then eluted with 100 /zl of 2 M NaCl, 50 mM Tris pH 8.5; and 
soaked for 2 minutes. Thereafter, the plate was spun in the centrifuge for 2 minutes and 

25 the elution samples were collected and designated as samples le, 2e, and 3e, respectively. 

Standard isopropanol precipitation was then performed on each of the crude 
lysate samples, flow through samples, wash samples, and elution samples le and 2e, 
wherein a volume of isopropanol equal to about 70% of the volume of the sample is 
added to each sample, vortexed, and allowed to sit on ice for about 60 minutes. These 

30 samples were then centrifuged in a Beckman G6 centrifuge for about 1 0 minutes at about 
14,000 rpm, and the supernatant decanted. Each tube was then washed with 600 ^1 of 
70% ethanol at - 20'*C, centrifuged for 6 minutes, and the supernatant decanted. The 
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tubes were then allowed to air dry for 20 minutes, and were resuspended in 100 /zl of TE 
Buffer. 

5 fxl of each sample collected, as well as 5 ^^1 of the crude lysate samples used, 
were then loaded onto a 1 % agarose gel run at 100 V for 60 minutes. The lanes of the gel 
5 contained the following samples: lane 1 was loaded with 5 /z! of isopropanol precipitated 
crude lysate sample used in Wells 2 and 3; lane 2 was loaded with 5 ^\ of isopropanol 
precipitated crude lysate sample used in Well 1; lanes 4 through 6 were loaded with 5 ^il 
of samples If, Iw, and le, respectively; lanes 8 through 10 were loaded with 5 of 
samples 2f, 2w, and 2e, respectively; and lane's 12 through 14 were loaded with 5 /xl of 
10 samples 3f, 3w, and 3e, respectively. 

Results from the agarose gel run, especially for the elution sample 3e (lane 14), 
indicate that good desalting of the plasmid sample was obtained using the ACA 34 media 
situated in the well beneath the PLASMIDEX™ 20/z media. 

EXAMPLE 4 

1 5 Each of two, 3 mm diameter tubes having a porous frit in the bottom were loaded 

with 150 fil of a 75% GF05 media slurry, and a third tube was loaded with 100 /zl of the 
75% GF05 media slurry. The tubes were then vacuumed from the bottom to remove 
excess fluid, and designated as Tubes 1, 2, and 3, respectively. Each of Tubes 1, 2, and 3. 
were then loaded with 37.5 ^\ of a 40% PLASMIDEX™ 20// slurry (BioSepra Inc., 

20 Marlborough, MA USA), and vacuumed from the bottom to remove excess liquid. 

In addition, a well of a 96-well filter plate (Polyfiltronics, Rockland, MA USA) 
was loaded with 400 fA of a 75% GF05 media slurry, and then to remove excess fluid, the 
plate was spun in a Beckman G6 centrifuge for about 2 minutes at 1800 rpm. The well 
was then loaded with 375 of a 40% PLASMIDEX™ 20/i slurry, and spun in the 

25 centrifuge for about 3 minutes at 1 800 rpm. A porous polypropylene frit having pores of 
about 7 A^m, was placed on top of the packed PLASMIDEX™ 20// media, and this well is 
designated Tube 4. 

The tubes were then all preequilibrated with 400 /zl of 0.5 M NaCl, 50 mM Tris 
pH 7.0. Thereafter, 400 fx\ of samples comprising clear E. coli lysates according to 
30 Example 1 containing the desired pSV-PGAL plasmid product and undesirable 

contaminants, were then added to each of Tubes 1 to 3, and 600 //I of a clear £. coli lysate 
sample was added to Tube 4. The tubes were vacuumed and the flow through from each 
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tube was collected, and designated as samples If, 2f, 3f, and 4f, respectively. 

Each tube was then washed with 400 /^\ of 0.5 M NaCl, 50 mM Tris pH 7.0, and 
the wash from Tubes 1 to 4 was collected and labeled as samples 1 w, 2w, 3w, and 4w, 
respectively. Thereafter, each tube was loaded with 400 /il of 50 mM Tris pH 7.0 (as 
5 preferred bulfer (2)). 

Tubes 1 and 2 were then eluted twice with 25 /zl of 1 .5 M NaCI, 50 mM Tris pH 
8.5 with 2-5 fxg/rnl RNAse. After each elution step, the tubes were vacuumed and elution 
samples were collected, and were designated le„ Icj, 2e„ and 2e2, respectively. Tube 3 
was eluted twice with 25 of 2M NaCl, 50 mM Tris pH 8.5, and samples were collected 

10 after each elution step as above, and designated 3e, and Scj. Tube 4 was eluted first with 
100 A^l of 1 M NaCI, 50 mM Tris pH 8.5, which was allowed to soak for 2 minutes, and 
then the plate was spun on the centrifuge for 5 minutes, and an elution sample designated 
4e, was collected. Tube 4 was then eluted a second time with 100 /^l of 2 M NaCI, 50 
mM Tris pH 8.5, which was allowed to soak for 2 minutes, and then the plate was spun on 

1 5 the centrifuge for 5 minutes, and an elution sample designated 4e, was collected. 

An EcoRI (10 xx) restriction enzyme digest solution was made by combining 
60 fu,l of distilled water, 10 //I of 1 Ox buffer H, and 5 ^1 of EcoRI. Similarly, an Hindlll 
(1 Oxx) restriction enzyme digest solution was made by combining 60 fx\ of distilled water, 
10 Ml of 1 Ox buffer H, and 5 ^1 of Hindlll. 

20 EcoRI digestion samples were then made for i) samples le„ 2e„ 2e2, 3e„ 4e„ and 

4e2 of this example, ii) sample 4ei from Example 2, and iii) crude E. coli DH5a lysate 
sample by mixing in a tube 7.5 yul of EcoRI restriction enzyme digest solution with 2.5 [A 
of the sample, allowing to stand at 37 **C for 2 hours, and then adding 2.5 Ail of 6x loading 
buffer. 

25 Similarly, Hindlll digestion samples were made for i) samples le„ 2e„ 2e2, 3e2, 

4e„ and 4e2 of this example, ii) sample 4e, from Example 2, and iii) crude E. coli DH5a 
lysate sample by mixing in a tube 7.5 /zl of Hindlll restriction enzyme digest solution 
with 2.5 fj\of the sample, allowing to stand at 37 **C for 2 hours, and then adding 2.5 ^\ of 
6x loading buffer. 

30 5 fi\ of each sample were then loaded onto a 1 % agarose gel in the lanes 

indicated Table 3 below, and the gel was run at 100 V for 60 minutes. 
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Table 3 



LANE NO. 


SAMPLE 


RESTRICTION 
ENZYME 


1 


X Hindi! I marker 


Hindlll 


2 


crude E.coli DH5a lysate sample used 

in Pxamnle 4 

111 l^ACLXIlfJlV ^ 


none 


3 


1 from Fvamnle 4 


none 


4 


"^ft* from Pxamnle A 

mJ\^^ A I will A^yvCUllL/lb T 




5 


le, fi'T pY3iTin1p 4 

iwi \ji .i^yvoiiiL/iw ^ 


PrnRT 


5 


le. nf Pxamnle 4 


HindTTT 


7 


'P^. of Pvamnlp ^ 

Ul Xa>ACUlJLflW *T 


FrnRT 


fi 

o 






O 


7p» rtf Fv JiTtmlp ^ 




10 


Cif FYamnle 4 


HindTTT 


1] 


Scj of Hxample 4 


Ecol^ 


12 


SejOf Example 4 


Hindlll 


13 


crude £.co// DH5a iysate 


EcoRI 


14 


crude Kcoli DH5a lysate 


Hindlll 


15 


4e^ of Example 2 


EcoRl 


16 


4e, of Example 2 


Hindlll 


17 


4e, from Example 4. 


EcoRI 


18 


4e] from Example 4 


Hindlll 


19 


4e2 from Example 4 


EcoRI 


20 


4e2 from Example 4 


Hindlll 



The results obtained with the gel indicate that the present invention provides good 
separation of the desired plasmid product from the sample, and the resulting purified 
25 plasmid product may be satisfactorily used in subsequent processing steps 

The embodiments of the present invention described above are intended to be 
merely exemplary and those skilled in the art will recognize, or be able to ascertain using 
no more than routine experimentation, numerous equivalents to the specific procedures 
described herein. All such equivalents are considered to be within the scope of the 
30 present invention and are covered by the following claims. 

The contents of all references described herein are hereby incorporated by 
reference. Other embodiments are within the following claims. 
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Claims 

What is claimed is: 

1 . A device for purification of biological molecules comprising: 

a housing, wherein said housing has an outlet at a bottom end and a porous 
5 material disposed at the bottom end; 

a size exclusion media portion comprising a volume of a size exclusion media 
packed in the housing on top of said porous material; and 

an adsorptive media portion comprising a volume of adsorptive media packed in 
the housing on top of said size exclusion media portion. 

2. The device of Claim 1 , further comprising a reservoir, wherein said reservoir 
is disposed above the adsorptive media portion of the device. 

3. The device of Claim 1 , further comprising a second removable porous 
material, wherein said second removable porous materia] is disposed on top of said 
adsorptive media portion of the device. 

4. The device of Claim 1, wherein the housing comprises a well of a multiwell plate. 

5. The device of Claim 1, wherein the adsorptive media portion comprises 
adsorptive media which bind a biological molecule in the presence of a first buffer and 

elutes said biological molecule in the presence of a second buffer. ' 

6. The device of Claim 4, wherein the adsorptive media is selected from the 
group consisting of ion exchange media, affinity media, normal phase media, reverse 
phase media, metal chelating media, and hydroxyapitite media. 

7. The device of Claim 1 , wherein a packed volume of the adsorptive media 
packed in the device is in the range of about 10 /zl to about 2000 fj,l, 

8. The device of Claim 7, wherein the packed volume of the adsorptive media in 
the device is in the range of about 10 /zl to about 50 jlcI. 
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9. Tlie device of Claim 8, wherein the packed volume of the adsorptive media in 
the device is in the range of about 15 //I to about 25 fzL 

10. The device of Claim 1, wherein said size exclusion media is a size exclusion 
chromatography desalting media. 

1 1 . The device of Claim 1, wherein a packed volume of the size exclusion media 
in the device is in the range of about 30 fi\ to about 6000 /zl. 

12. The device of Claim 1 1, wherein the packed volume of the size exclusion 
media in the device is in the range of about 40 pel to about 300 /zl. 

13. The device of Claim 12, wherein the packed volume of the size exclusion 
media in the device is in the range of about 45 /zl to about 100 f^l, 

14. The device of Claim 1, wherein said porous material is a porous 
polypropylene frit. 

15. A method for separating biological molecules of interest from a sample 
comprising the steps of: 

(a) preequilibrating the device of Claim 1 with a buffer solution; 

(b) loading the resulting preequilibrated device with a sample comprising a 
5 mixture of the biological molecules of interest and undesired impurities; 

(c) washing the loaded device with a buffer (1); 

(d) charging the device with a preferred buffer (2), wherein said preferred buffer 
(2) saturates the size exclusion media portion of the device; 

(e) eluting the biological molecules of interest with a volume an elution buffer 

10 (3); and 

(0 collecting the resulting elutant, wherein said elutant comprises the biological 
molecules of interest in the preferred buffer (2). 
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16. The method of Claim 15, wherein said buffer (1) removes loosely bound 
impurities from the device while leaving the desired biological molecules of interest 
sorbed to the adsorptive media portion of the device. 

1 7. The method of Claim 1 5, wherein the volume of elution buffer (3) present 
is in the range of about 5% to about 50% of the volume of size exclusion media packed 
into the device. 



1 8. The method of Claim 1 5, wherein the preferred buffer (2) is present in a 
volume about equal to a total volume of media in the device, wherein said total volume is the 
volume of size exclusion media plus the volume of adsorption media present in the device. 

19. The method of Claim 1 8, wherein the volume of preferred buffer (2) 
further contains an additional volume in the range of about 1% to about 600% of the total 
volume of media in the device. 



20. The method of Claim 1 9, wherein said additional volume is in the range 
of about 5% to about 400% of the total volume of media in the device. 

21 . The method of Claim 20, wherein said additional volume is in the range 
of about 10% to about 60% of the total volume of media in the device. 

22. The method of Claim 1 5, wherein the biological molecules of interest are 
selected from the group consisting of plasmid DNA and genomic DNA. 

23. A device for purification of biological molecules comprising: 

a housing, wherein said housing has an outlet at a bottom end and a porous 
material disposed at the bottom end; 

a size exclusion media portion comprising a volume of a size exclusion media 
packed in the housing on top of said porous material; and 

a surfactant portion comprising a surfactant layer disposed on top of said size 
exclusion media portion. 
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24. The device of Claim 23, wherein said surfactant layer comprises a 
surfactant selected from the group consisting of sodium dodecyl sulfate, Triton XI 00, 
Triton XI 14, and Brij. 

25. A method for purifying a biological molecule of interest, comprising the 
steps of: 

(a) precharging the device of Claim 23 with a preferred buffer (2), wherein 
said preferred buffer (2) saturates the size exclusion media portion of the device; 
5 (b) loading the resulting precharged device with a sample comprising a 

mixture of the biological molecules of interest and undesired impurities; 

(c) eluting the biological molecules of interest with a volume any buffer ; 

and 

(d) collecting the resulting elutant, wherein said elutant comprises the 
biological molecules of interest in the preferred buffer (2). 
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